TITLE OF THE INVENTION 
MAGNETORE SI STIVE HEAD AND MAGNETIC 
RECORDING-REPRODUCING APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from prior Japanese Patent 
Application No. 2003-48516, filed February 26, 2003, 
the entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1, Field of the Invention 

The present invention relates to a magneto- 
resistive head using a spin-valve element and a 
magnetic recording-reproducing apparatus having the 
magnetoresistive head installed therein. 

2. Description of the Related Art 

In recent years, recording density is being 
improved in the magnetic recording-reproducing 
apparatus such as an HDD. As a result of improvement 
in the recording density, the size of a recording bit 
that is a recording unit in a recording medium is 
reduced, and a signal magnetic flux generated from the 
recording medium is also made lower. Under the 
circumstances, a high-sensitive magnetoresistive head 
(MR head) , which directly senses the medium magnetic 
flux by utilizing a magnetoresistive effect, has been 
put to the practical use. 



- 2 - 

Nowadays, a spin- valve element (SV-GMR) comprising 
a spin-valve (SV) film including a magnetization pinned 
layer (pinned layer)/ an intermediate layer (spacer 
layer) /a magnetization free layer (free layer) and 
5 generating a giant magnetoresistive effect is used as a 

sensor element of the MR head. 

The conventional SV-GMR head is a shielded SV head 
comprising an SV element and a pair of magnetic shields 
having the SV element sandwiched with interposing a 

10 pair of magnetic gaps and the SV element is a so-called 

CIP (Current-In-Plane) -SV element in which a sense 
current is made to flow in the in-plane direction 
parallel to the surface of the SV film. 

Recently, a so-called CPP (Current-Perpendicular- 

15 to-Plane) -SV element, in which the sense current is 

made to flow in the perpendicular direction to the 
surface of the SV film, is proposed. Since the CPP-SV 
element shows improved magnetoresistance ratio (MR 
ratio) , it can be expected that a GMR head having a 

20 high output will be realized. 

Where further improvement in the recording density 
of the recording medium is attempted, it is required to 
reduce the track width and the bit length. However, 
since it is necessary to form a CIP-SV element or a 

25 CPP-SV element between the magnetic shields in the 

shielded SV head, a reduction in the distance between 
the shields and a reduction in the gap length are 
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limited so as to make it difficult to comply with the 
requirement for the reduction in the bit length. 

For example, Japanese Patent Disclosure (Kokai) 
No. 6-325329 teaches a structure that a magnetic 
5 underlayer for sensing an external magnetic field is 

formed to extend from the air-bearing surface in 
the height direction of the head and the magnetic 
underlayer is coupled with a magnetization free layer 
formed on an inner part remote from the air-bearing 
10 surface. In this structure, a nonmagnetic intermediate 

layer and a magnetization pinned layer are formed on 
the magnetization free layer, and the magnetic 
underlayer alone is formed near the air-bearing 
surface . 

15 As described above, the reduction in the gap 

length is limited in the shielded GMR head and, thus, 
it is difficult to comply with the requirement for the 
reduction in the bit length in the magnetic recording- 
reproducing apparatus . 

20 BRIEF SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a magnetoresistive head capable of reducing the gap 
length and the track width and capable of suppressing 
undesired magnetic coupling between magnetic layers, 

25 and to provide a magnetic recording-reproducing 

apparatus having the particular magnetoresistive head 
installed therein. 



- 4 - 

A magnetoresistive head according to an aspect of 
the present invention comprises: a first magnetic 
shield; a first insulating film formed on the first 
magnetic shield; a magnetoresistive film formed on the 
5 first insulating film and comprising a magnetization 

free layer adjacent to an air-bearing surface, a 
magnetization pinned layer apart from the magnetization 
free layer in a head height direction as viewed from 
the air-bearing surface, and a nonmagnetic intermediate 

10 layer connecting the magnetization free layer and the 

magnetization pinned layer, a magnetization direction 
of the magnetization free layer being rotatable in an 
external magnetic field and a magnetization direction 
of the magnetization pinned layer being substantially 

15 pinned under the external magnetic field; a second 

insulating film formed on the first magnetoresistive 
film, and a second magnetic shield formed on the second 
insulating film. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

20 FIG. 1A is a cross-sectional view of a GMR head 

according to a first embodiment of the present 
invention in a direction parallel to the track width 
direction, FIG. IB is a cross-sectional view of the GMR 
head in a direction parallel to the track direction, 

25 and FIG. 1C is a plan view of the GMR head as viewed 

from the air-bearing surface; 

FIGS. 2A to 2C are cross-sectional views each 
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exemplifying the construction of the magnetization free 
layer included in the GMR head according to the first 
embodiment of the present invention; 

FIGS. 3A to 3C are cross-sectional views each 
5 exemplifying the construction of the magnetization 

pinned layer included in the GMR head according to the 
first embodiment of the present invention; 

FIGS, 4A and 4B are a plan view and a cross- 
sectional view, respectively, intended to explain the 
10 manufacturing method of the GMR head according to the 

first embodiment of the present invention; 

FIGS, 5A and 5B are a plan view and a cross- 
sectional view, respectively, intended to explain the 
manufacturing method of the GMR head according to the 
15 first embodiment of the present invention; 

FIGS. 6A and 6B are a plan view and a cross- 
sectional view, respectively, intended to explain the 
manufacturing method of the GMR head according to the 
first embodiment of the present invention; 
20 FIGS. 7A and 7B are a plan view and a cross- 

sectional view, respectively, intended to explain the 
manufacturing method of the GMR head according to the 
first embodiment of the present invention; 

FIGS. 8A and 8B are a plan view and a cross- 
25 sectional view, respectively, intended to explain the 

manufacturing method of the GMR head according to the 
first embodiment of the present invention; 



FIGS. 9A and 9B are a plan view and a cross- 
sectional view, respectively, intended to explain the 
manufacturing method of the GMR head according to the 
first embodiment of the present invention; 

FIGS, 10A and 10B are a plan view and a cross- 
sectional view, respectively, intended to explain the 
manufacturing method of the GMR head according to the 
first embodiment of the present invention; 

FIGS. 11A and 11B are a plan view and a cross- 
sectional view, respectively, intended to explain the 
manufacturing method of the GMR head according to the 
first embodiment of the present invention; 

FIG. 12A is a cross-sectional view of a GMR head 
according to a second embodiment of the present 
invention in a direction parallel to the track width 
direction, FIG. 12B is a cross-sectional view of the 
GMR head in a direction parallel to the track 
direction, and FIG. 12C is a plan view of the GMR head 
as viewed from the air-bearing surface; 

FIG. 13 is a cross-sectional view of a GMR head 
according to a third embodiment of the present 
invention in a direction parallel to the track 
direction; 

FIG. 14 is a cross-sectional view of a GMR head 
according to a fourth embodiment of the present 
invention in a direction parallel to the track 
direction; 
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FIG . 15 is a perspective view showing a structure 
of a magnetic recording-reproducing apparatus according 
to an embodiment of the present invention; and 

FIG . 16 is a perspective view showing a structure 
5 of a magnetic head assembly according to an embodiment 

of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Embodiments of the present invention will now be 
described with reference to the accompanying drawings. 
10 Incidentally, the same reference numerals are put to 

the members that are common throughout the embodiments 
described herein so as to omit duplicated description. 
Also, the accompanying drawings are schematic drawings 
intended to facilitate the description and under- 
15 standing of the present invention. Although the shape, 

size, ratio, etc., of each of the members of the 
element may differ from those of the actual element, 
the design of the element can be changed appropriately 
in view of the following description and the known 
20 technology. 

(First Embodiment) 

A shielded GMR head according to a first 
embodiment of the present invention will now be 
described. FIGS. 1A to 1C show the construction of a 
25 shielded GMR head according to the present embodiment, 

wherein FIG. 1A is a cross-sectional view of the GMR 
head sectioned in a direction parallel to the track 
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width direction of a magnetic recording medium (not 
shown), FIG. IB is a cross-sectional view of the GMR 
head sectioned in a direction parallel to the track 
direction of the magnetic recording medium (not shown) , 
5 and FIG . 1C is a plan view showing the GMR head as 

viewed from the air-bearing surface (ABS) . FIG. 1A is 
a cross-sectional view along the line 1A-1A shown in 
FIG. IB. The surface on the lower side of the drawing 
denotes the ABS. FIG. IB is a cross-sectional view 

10 along the line IB-IB shown in FIG. 1A. The surface on 

the left side of the drawing denotes the ABS. 

The GMR head according to the present embodiment 
comprises an insulating nonmagnetic film surrounding 
the members referred to above and wiring for connecting 

15 the electrode of an SV element to a sensing circuit in 

addition to the members shown in FIGS. 1A to 1C. Also, 
a protective layer may be formed appropriately on the 
ABS so as to protect the element section from the 
damage accompanying the contact with the recording 

20 medium. In some cases, the ABS protective layer is not 

formed. The sensing circuit may be formed on a head 
gimbal assembly (HGA) having the GMR head installed 
therein or on the circuit board of the magnetic 
recording-reproducing apparatus . 

25 The construction of the GMR head according to the 

present embodiment will now be described schematically 
with reference to FIG. IB. A lower magnetic shield (a 
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first magnetic shield) 17, a first insulating layer 13, 
a magnetoresistive element (which will be described 
herein later in detail) , a second insulating film 15, 
and an upper magnetic shield (a second magnetic shield) 
5 19 are stacked in the order mentioned on a substrate 

(not shown) . As described above, the magnetoresistive 
element is formed between the pair of magnetic shields 
17 and 19 with the insulating layers 13 and 15 
interposed between the magnetoresistive element and the 
10 magnetic shields 17 and 19, respectively. The edge 

surfaces of the lower magnetic shield 17, the magneto- 
resistive element and the upper magnetic shield 19 on 
the left side in FIG. IB constitute the air-bearing 
surface (ABS) . 

15 The magnetoresistive element according to the 

present embodiment comprises a magnetization free layer 
1, a nonmagnetic intermediate layer 3, and a magnetiza- 
tion pinned layer 5, which are arranged in the order 
mentioned in the height direction as viewed from the 

2 0 ABS. Junctions are formed between the nonmagnetic 

intermediate layer 3 and the magnetization free layer 1 
and between the nonmagnetic intermediate layer 3 and 
the magnetization pinned layer 5. The magnetization 
free layer 1 is a layer whose magnetization direction 

25 may be changed in accordance with an external magnetic 

field, and the magnetization pinned layer 5 is a layer 
whose magnetization direction is substantially left 



unchanged even under an external magnetic field. 

The magnetization pinned layer 5 is electrically 
connected to a first electrode 7 formed adjacent to the 
magnetization pinned layer 5. The magnetization free 
layer 1 is electrically connected to the upper magnetic 
shield 19 through a pillar electrode 21. Each of the 
first electrode 7 and the upper magnetic shield 19 is 
connected through wiring to a circuit (not shown) for 
detecting and calculating the electrical resistance. 
Each of the first electrode 7, the pillar electrode 21 
and the upper magnetic shield 19 is formed of a 
conductive material. 

As shown in FIGS. 1A and 1C, insulating layers 9 
and 11 are formed on both sides of the magnetization 
free layer 1, the nonmagnetic intermediate layer 3, the 
magnetization pinned layer 5 and the first electrode 7 
in the track width direction. 

If a sense current is made to flow in the 
magnetization free layer 1, the nonmagnetic inter- 
mediate layer 3 and the magnetization pinned layer 5 
through the first electrode 7 and the upper magnetic 
shield 19 (pillar electrode 21), electrons are 
scattered at the interfaces depending on the relative 
angle made between the magnetization direction of the 
magnetization free layer 1 and the magnetization 
direction of the magnetization pinned layer 5, so that 
the electrical resistance is changed (giant 
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magnetoresistive effect) . 

To be more specific, the magnetization of the 
magnetization free layer 1 arranged in a region near 
the ABS is rotated by the signal magnetic field 
5 generated from the magnetic recording medium so that 

the magnetization direction is changed. The spin 
information of the electrons as the sense current is 
changed in accordance with the change in the magnetiza- 
tion direction. When the electrons having the spin 

10 information pass through the nonmagnetic intermediate 

layer 3, if the electrons are scattered at the 
interfaces between the magnetization pinned layer 5 and 
the nonmagnetic intermediate layer 3, the electrical 
resistance is raised, while if electrons pass through 

15 without being scattered, the electrical resistance is 

lowered. The scattering of electrons is rendered 
maximum in the case where the spin information owned by 
the electrons is antiparallel to the magnetization 
direction of the magnetization pinned layer 5 and is 

20 rendered minimum in the case where the spin information 

and the magnetization direction noted above are 
parallel to each other. It follows that the resistance 
is rendered maximum if the magnetization directions of 
the magnetization free layer 1 and the magnetization 

25 pinned layer 5 are antiparallel and is rendered minimum 

if the magnetization directions noted above are 
parallel to each other. The change in the resistance 
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value is proportional to the cosine of the relative 
angle between the magnetization direction of the 
magnetization free layer 1 and the magnetization 
direction of the magnetization pinned layer 5 (spin- 
valve magnetoresistive effect) . Therefore, it is 
possible to detect the change in the signal magnetic 
field by measuring the electrical resistance value 
between the magnetization free layer 1 and the 
magnetization pinned layer 5. 

In the present embodiment, the magnetization free 
layer 1, the nonmagnetic intermediate layer 3, the 
magnetization pinned layer 5, and the first electrode 7 
are formed on the insulating layer 13 in the order 
mentioned in the height direction of the head as viewed 
from the ABS . As a result, it is possible to design 
the GMR head such that the distance between the 
magnetic shields 17 and 19 is smaller than that in the 
conventional shielded GMR head. For example, it is 
possible to achieve a shield-to-shield distance of 
about 2 0 nm in the present embodiment, though it was 
impossible to achieve such a small shield-to-shield 
distance in the conventional shielded GMR head. It 
follows that the present embodiment is highly effective 
for achieving a super high density recording in the 
future . 

In the present embodiment, the magnetization free 
layer 1 and the magnetization pinned layer 5 are not 
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stacked in the vertical direction (the track direction) 
between shields as in the conventional apparatus, but 
are arranged in the lateral direction between shields 
with the nonmagnetic intermediate layer 3 interposed 
5 therebetween, i.e., arranged a prescribed distance 

apart from each other in the lateral direction* As a 
result, it is possible to suppress magnetostatic 
coupling and/or interlayer exchange coupling between 
the ferromagnetic layers. Also, it is possible to 
10 reduce the thickness of the intermediate layer 3 to 

2 . 0 nm or less. If the intermediate layer 3 is made as 
thin as above, it is possible to suppress inelastic 
scattering of the spins due to quantum conduction 
effect . 

15 Where the magnetization pinned layer 5 is stacked 

on the magnetization free layer 1 formed on the 
substrate and is processed to form a fine pattern by 
etching as in the prior art, the etching proceeds from 
the magnetization pinned layer 5 or from the antiferro- 

20 magnetic layer formed on the magnetization pinned layer 

5, with the result that the processed size of the 
magnetization free layer 1 is rendered broader than the 
prescribed size. This gives rise to inconveniences 
such that the track width is broadened. On the other 

25 hand, in the structure according to the present 

embodiment, the magnetization free layer 1 and the 
magnetization pinned layer 5 can be processed 
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individually so as to make it possible to realize the 
magnetization free layer 1 having a precise size. 

The magnetization free layer 1 is formed of a 
ferromagnetic material having such a coercivity as to 
5 permit the magnetization direction to be rotated under 

the prescribed external magnetic field. 

The magnetization direction of the magnetization 
pinned layer 5 can be pinned by forming an antiferro- 
magnetic layer on the magnetization pinned layer 5 so 

10 as to achieve antif erromagnetic coupling. Also, the 

magnetization pinned layer 5 can be formed by using a 
ferromagnetic material having such a coercivity as not 
to permit the magnetization direction to be rotated 
under the prescribed external magnetic field and by 

15 pinning the magnetization direction by application of, 

for example, a prescribed heat treatment. 

It is necessary for each of the magnetization free 
layer 1 and the magnetization pinned layer 5 to exhibit 
f erromagnetism. It is possible for each of the 

20 magnetization free layer 1 and the magnetization pinned 

layer 5 to be a layer formed of a ferromagnetic 
material alone or a layer formed of a ferromagnetic 
material and another material added to the ferro- 
magnetic material in such an amount that the 

25 f erromagnetism is not impaired. It is also possible 

for each of the magnetization free layer and the 
magnetization pinned layer to have a stacked structure 
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consisting of a plurality of different ferromagnetic 
films. Further, it is possible for each of the 
magnetization free layer and the magnetization pinned 
layer may be a stacked film of a ferromagnetic film and 
5 another nonmagnetic film, e.g., the underlayer or the 

protective layer shown in FIGS. 2 and 3. 

The first insulating film 13 for electrically 
insulating the lower magnetic shield 17 from the 
magnetization free layer 1, the nonmagnetic inter- 

10 mediate layer 3, the magnetization pinned layer 5 and 

the first electrode 7 forms a lower magnetic gap. The 
second insulating film 15 for electrically insulating 
the upper magnetic shield 19 from the magnetization 
free layer 1, the nonmagnetic intermediate layer 3, the 

15 magnetization pinned layer 5 and the first electrode 7 

forms an upper magnetic gap. Each of the insulating 
layers 9, 11, 13 and 15 shown in FIGS. 1A, IB and 1C is 
formed of an insulating material such as AI2O3 or SiC>2 . 
If the pillar electrode 21 sandwiched between the 

20 upper magnetic shield 19 and the magnetization free 

layer 1 is formed of a nonmagnetic conductor, the 
pillar electrode 21 serves as a magnetic gap. It is 
possible for the pillar electrode 21 to be exposed to 
the ABS or to be recessed from the ABS as far as 

25. the pillar electrode 21 can be connected to the 

magnetization free layer 1. Where the pillar electrode 
21 is formed in a position deviated from the clearance 
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between the magnetization free layer 1 and the upper 
magnetic shield 19, it is possible to form a magnetic 
gap such as a nonmagnetic insulator between the 
magnetization free layer 1 and the upper magnetic 
5 shield 19. In order to make the magnetic gap narrow, 

it is possible for the pillar electrode 21 to be formed 
of a conductive ferromagnetic material like the upper 
magnetic shield 19. 

The pillar electrode 21 has a cross-sectional area 

10 smaller than that of the magnetization free layer 1 as 

denoted by a dotted line in FIG. 1A showing the GMR 
head sectioned in the direction parallel to the track 
width direction. In this case, the effective track 
width can be defined by means of the pillar electrode 

15 21. To be more specific, the effective track width is 

defined by the width of the pillar electrode 21 in the 
ABS shown in FIG. 1A. As a result, the width of the 
magnetization free layer 1 can be made larger than the 
effective track width so as to improve the reproducing 

20 efficiency of the magnetic head. 

In general, a magnetic material has an exchange 
coupling length of about 0.05 £tm to 0.1 /im. If the 
magnetic material is processed smaller than the 
exchange coupling length, motion of the magnetization 

25 spin in the magnetic material is suppressed by the 

exchange coupling, with the result that the sensitivity 
to the external magnetic field is significantly 
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lowered. Thus, where the size of the magnetization 
free layer is reduced, the sensitivity and the magnetic 
head efficiency tend to be lowered. Therefore, if the 
length of the magnetization free layer in the track 
5 width direction is made larger than the exchange 

coupling length, the sensitivity to the external 
magnetic field will be ensured. Also, if the pillar 
electrode is made smaller than the magnetization free 
layer in the track width direction, it is possible to 

10 flow the sense current into the highly sensitive 

portion of the magnetization free layer. As a result, 
it is possible to obtain a high output while maintain- 
ing the reproducing efficiency of the magnetic head. 
Incidentally, the pillar electrode 21 and the 

15 magnetization free layer 1 shown in FIG. 1A may have 

the same cross-sectional area, in the case where 
a sufficiently small effective track width can be 
defined by the magnetization free layer 1 or where the 
restriction on the effective track width is not severe. 

20 FIGS. 2A, 2B and 2C exemplify the construction of 

the magnetization free layer 1. These drawings show 
the cross sections of the magnetization free layers 
sectioned in a direction parallel to the track 
direction. 

25 FIG. 2A shows a stack of the underlayer 23, the 

magnetization free layer 25, and the protective layer 
27. FIG. 2B shows a stack of the underlayer 23, the 
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stacked biasing layer 29, the magnetization free layer 
25, and the protective layer 27. FIG. 2C shows a stack 
of the underlayer 23, the magnetization free layer 25, 
the stacked biasing layer 29, and the protective layer 
5 27. The underlayer 23 is in contact with the first 

insulating layer 13 shown in FIG. IB, and the 
protective layer 27 is in contact with the pillar 
electrode 21 shown in FIG. IB. 

If the magnetization free layer 1 is formed of a 

10 magnetic layer alone, spin-dependent scattering of the 

conductive electrons is brought about at the interface 
between the nonmagnetic intermediate layer 3 and the 
magnetization free layer 1. On the other hand, where 
the underlayer 23 and the protective layer 27 made of a 

15 nonmagnetic material are stacked in addition to the 

magnetization free layer 25 (and the stacked biasing 
layer 29) , the spin-dependent scattering of the 
conductive electrons is brought about at the interface 
between the magnetization free layer 25 (and the 

20 stacked biasing layer 29) and the nonmagnetic 

intermediate layer 3. 

The magnetization free layer 25 is formed of Co, 
Fe or Ni, or a ferromagnetic material including an 
alloy containing at least 50 atomic % (at%) of any of 

25 these metals. It is also possible for the magnetiza- 

tion free layer 25 to be of a stacked film formed of a 
plurality of ferromagnetic layers made of different 
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materials or having different compositions. To be more 
specific, it is possible for the magnetization free 
layer 25 to be formed of CogoFeio (the composition 
ratio being at%) , CoFeNi, NigoFe20 (the composition 
5 ratio being at%), Fe, Co or Ni . 

In order to produce the spin-dependent scattering 
effect inside the magnetization free layer 25, the 
magnetization free layer 25 should be of a stacked 
structure of [ferromagnetic layer/ferromagnetic layer] 

10 and the repetition thereof, of a stacked structure of 

[ferromagnetic layer/nonmagnetic layer] and the 
repetition thereof, or of a complex structure prepared 
by stacking these two stacked structures. The 
expression [A layer/B layer] used in the present 

15 specification denotes the stacked structure prepared by 

forming [A layer] on the insulating layer 13 and 
[B layer] on the [A layer] . 

For the stacked free layer of the [ferromagnetic 
layer/ferromagnetic layer], the combination of 

20 [NiFe/CoFe] , [Fe/NiFe], or [Fe/CoFe] can be utilized. 

The nonmagnetic layer included in the stacked free 
layer of the [ferromagnetic layer/nonmagnetic layer] 
can be formed of a noble metal selected from the group 
consisting of Au, Ag, Cu, Ir, Ru, Rh, Pd, and Pt . The 

25 combination that permits increasing the scattering at 

the interface between the ferromagnetic layer and the 
nonmagnetic layer within the stacked free layer 
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includes, for example, [NiFe/Au] , [NiFe/Ag] , [CoFe/Cu] , 
[Co/Cu] , [Fe/Au] , and [Ni/Au] . 

It is possible for the magnetization free layer 25 
to be formed of a f erricoupling layer (synthetic free 
5 layer) of the [magnetic layer/Ru/magnetic layer] so as 

to adjust the MsXt product (product between the 
saturation magnetization and the thickness) . 

The underlayer 23 is formed of, for example, 
Ta/NiFeCr, a NiFeCr alloy, Ta/Cu, Ta/Cu/Au, Ta/Ru, or 

10 Ta/NiFe. The underlayer formed of the material 

exemplified above permits the magnetization free layer 
25 to be (111) -oriented so as to improve the soft 
magnetic characteristics thereof. It follows that the 
coercivity of the magnetization free layer can be 

15 lowered and the absolute value of the saturation 

magnetostriction can be controlled. 

The protective layer 27 is formed typically of a 
Ta layer and preferably formed of a stack of a Ta layer 
and a noble metal layer such as Ta/Au (or Pt, Ir, Ru, 

20 Rh) . Since the noble metal layer included in the stack 

exhibits resistance to RIE (Reactive Ion Etching) , the 
noble metal layer acts as a stopper layer in RIE 
applied in the pillar forming process, making it 
possible to suppress damage to the magnetization free 

25 layer 25 caused by over-etching. The noble metal layer 

is also effective for decreasing contact resistance 
with the pillar electrode 21. 



FIGS. 3A, 3B and 3C exemplify the construction of 
the magnetization pinned layer 5. These drawings show 
the cross sections of the magnetization pinned layers 
sectioned in a direction parallel to the track 
direction . 

FIG. 3A shows a stack of the underlayer 31, the 
magnetization pinned layer 33, the antif erromagnetic 
film 35, and the protective layer 37. FIG. 3B shows 
a stack of the underlayer 31, the antif erromagnetic 
film 35, the magnetization pinned layer 33 and the 
protective layer 37. FIG. 3C shows a stack of the 
underlayer 31, the magnetization pinned layer 33, 
and the protective layer 37. Exchange coupling is 
exerted between the antif erromagnetic film 33 and the 
magnetization pinned layer 35. 

The magnetization pinned layer 35 is formed of a 
metal selected from the group consisting of Co, Fe and 
Ni or a ferromagnetic material including an alloy 
containing at least 50 at% of any of the metals noted 
above. To be more specific, the magnetization pinned 
layer 35 is formed of, for example, CogoFeio (the 
composition ratio being at%) , CoFeNi, Nigo Fe 20 (the 
composition ratio being at%) , Fe, Co or Ni . 

In order to produce the spin-dependent scattering 
effect inside the magnetization pinned layer, the 
magnetization pinned layer should be of a stacked 
structure of [ferromagnetic layer/ferromagnetic layer] 
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and the repetition thereof, of a stacked structure of 
[ferromagnetic layer/nonmagnetic layer] and the 
repetition thereof, or of a complex structure prepared 
by stacking these two stacked structures, 
5 For the stacked pinned layer of the [ferromagnetic 

layer/ferromagnetic layer] , the combination of 
[NiFe/CoFe] , [Fe/NiFe] , or [Fe/CoFe] can be utilized. 
The nonmagnetic layer included in the stacked pinned 
layer of the [ferromagnetic layer/nonmagnetic layer] 

10 can be formed of a noble metal selected from the group 

consisting of Au, Ag, Cu, Ir, Ru, Rh, Pd, and Pt . The 
combination of the [ferromagnetic layer/ nonmagnetic 
layer] that permits increasing the scattering at the 
interface between the ferromagnetic layer and the 

15 nonmagnetic layer includes, for example, [NiFe/Au] , 

[NiFe/Ag], [CoFe/Cu] , [Co/Cu] , [Fe/Au] , and [Ni/Au] . 

For improving the pinning resistance, it is 
desirable to use a f erricoupling layer (synthetic 
pinned layer) formed of [magnetic layer/Ru/magnetic 

20 layer] . 

It is possible for the antif erromagnetic film 33 
to be formed of, for example, an alloy selected from 
PtMn, IrMn, RhMn, CrMn, CrPtMn, and FeMn. 

In FIG. 3C, a hard magnetic material is used for 

25 the magnetization pinned layer 35 so as to make it 

possible to omit the antif erromagnetic film 33. The 
hard magnetic materials used for the magnetization 
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pinned layer 35 include, for example, an alloy selected 
from CoPt, FeCo and SmCo . It is also possible to stack 
the hard magnetic layer and the magnetization pinned 
layer 35 formed of the materials noted above so as to 
5 permit the magnetization of the magnetization pinned 

layer 35 to be pinned by a stray magnetic flux from the 
hard magnetic layer. 

The nonmagnetic intermediate layer 3 is formed 
mainly of a conductive nonmagnetic material selected 

10 from the group consisting of Be, Al, Mg, Ca, Cu, Au, 

Ag, Rh, Ru, and Ir. However, where it is desirable for 
the magnetoresistive effect to be developed by, for 
example, domain walls, it is possible to use a 
conductive magnetic material for the nonmagnetic 

1:5 intermediate layer 3. Also, in the case of utilizing 

the tunneling magnetoresistive effect (TMR) , the 
nonmagnetic intermediate layer is formed of an 
insulating material such as AI2O3 and SiC>2. The term 
"intermediate layer" used herein covers a nonmagnetic 

20 conductive intermediate layer, a magnetic conductive 

intermediate layer, and a nonmagnetic insulating 
intermediate layer . 

If a nonmagnetic conductive material is used for 
the nonmagnetic intermediate layer 3, it is possible to 

25 obtain a sufficiently large spin diffusion length of 

about 50 nm or more. Therefore, spin electrons are 
transmitted from the magnetization free layer 1 to the 
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magnetization pinned layer 5 while maintaining the spin 
information, with the result that it is possible to 
obtain a higher MR ratio. 

In order to obtain a sufficient spin diffusion 
5 length, it is possible to use a carbon-based material 

such as carbon nanotube for the nonmagnetic inter- 
mediate layer 3. However, attentions should be paid in 
that the junction between the nonmagnetic intermediate 
layer 3 of the carbon nanotube and the magnetization 

10 free layer 1 or the magnetization pinned layer 5 will 

be made a metal/semiconductor junction. To be more 
specific, a compound layer or an oxide layer tends to 
be formed on the metal/semiconductor junction and, 
thus, a barrier that obstructs the transmission of the 

1.5 spin electrons tends to be formed by these compound and 

oxide layers. Therefore, it is desirable to form a 
noble metal layer consisting of, for example, Pt or Au 
between the metal layer and the semiconductor layer. 
Incidentally, in the TMR in which a nonmagnetic 

20 insulating material is used for the intermediate layer 

so as to utilize the spin tunnel conduction, the 
junction does not pose any problem. 

Where a nonmagnetic conductive material is used 
for the nonmagnetic intermediate layer 3, it is 

25 desirable to use a specular film producing a mirror 

reflection effect as an underlayer or a protective 
layer of the nonmagnetic intermediate layer 3. It is 
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also possible to employ a stacked structure prepared by 
repeatedly laminating a specular film and a nonmagnetic 
intermediate layer. It is possible to use an oxide, a 
nitride, a fluoride, or a boride of a magnetic material 
5 or a nonmagnetic material for the specular film. In 

this case, it is possible to suppress an inelastic 
scattered component at the interface between the 
nonmagnetic intermediate layer and the underlayer or 
the protective layer so as to make it possible to 

10 increase the spin diffusion length of the conduction 

electrons within the nonmagnetic intermediate layer, 
thereby improving the MR ratio. 

If the thickness of the intermediate layer is set 
at about 1 nm or less and the width of the intermediate 

15 layer is set at about 10 nm in the case of using a 

magnetic conductive material for the intermediate 
layer, the current path of the conduction electrons is 
rendered very short and, thus, the electrons are 
quantum-mechanical ly conducted. As a result, it is 

20 possible to produce a greater MR effect because of a 

ballistic effect. The magnetic conductive material 
used for the intermediate layer includes, for example, 
Ni, Co, Fe and an alloy containing any of these metals. 
In order to shorten the conduction path of the 

25 electrons, it is possible to use a granular film 

containing fine magnetic particles comprising Ni, Fe 
or Co . 
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The pillar electrode 21 may be formed between the 
magnetization free layer 1 and the lower magnetic 
shield 17. In this case, the lower magnetic shield 17 
is used as an electrode. On the other hand, an 
5 insulating nonmagnetic layer is formed between the 

magnetization free layer 1 and the upper magnetic 
shield 19. It is possible for the nonmagnetic material 
layer to be formed integral with the insulating layer 
15 or to be formed separately. 
10 An electrode may be formed adjacent to the 

magnetization free layer 1. In this case, it is 
unnecessary to use the magnetic shields 17 and 19 as 
electrodes. 

The manufacturing method of the GMR head shown in 
15 FIGS. 1A, IB, and 1C will now be described with 

reference to FIGS. 4A, 4B, 5A, 5B, 6A, 6B, 7A, 7B, 8A, 
8B, 9A, 9B, 10A, 10B, 11A, and 11B. Incidentally, the 
letter "A" accompanying the drawing number, e.g., 
FIG. 4A, denotes that the drawing is a plan view 
2 0 showing the upper surface of the head during the 

manufacturing process, and the letter "B" denotes that 
the drawing shows a cross-section along the line B-B, 
e.g., line 4B-4B, put in the plan view. 

In the first step, a Ni3QFe20 layer having a 
25 thickness of about 200 run is formed on, for example, 

an Al203~TiC substrate (not shown) by plating or 
sputtering so as to form the lower magnetic shield 17. 
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Then, an AI2O3 layer is formed on the lower magnetic 
shield 17 in a thickness of about 10 rim by an IBS (ion 
beam sputtering) so as to form the first insulating 
layer 13. 

5 Next, an underlayer, a stacked biasing layer, a 

magnetization free layer, and a protective layer are 
successively formed on the insulating layer 13 by 
sputtering so as to form a stacked film 43 for the 
magnetization free layer. The underlayer includes a Ta 

10 film having a thickness of about 5 nm and a Ru film 

having a thickness of about 2 nm. The stacked biasing 
layer includes an IrMn film having a thickness of about 
10 nm, a CoFe film having a thickness of about 5 nm, a 
Cu film having a thickness of about 1 nm, a Ru film 

15 having a thickness of about 2 nm, and a Cu film having 

a thickness of about 1 nm. The magnetization free 
layer is formed of a NiFe film having a thickness of 
about 5 nm. The protective layer includes a Ta film 
having a thickness of about 5 nm and an Au film having 

20 a thickness of about 2 nm. Then, the stacked film 43 

for the magnetization free layer is patterned by ion 
beam etching with using a T-shaped two-layer resist 41 
as a mask (see FIGS. 4A and 4B) . 

In the next step, an underlayer, an antiferro- 

25 magnetic layer, a magnetization pinned layer, and a 

protective layer are successively formed on the entire 
surface by sputtering so as to form a stacked film 45 



for the magnetization pinned layer. The underlayer 
includes a Ta film having a thickness of about 5 nm 
and a Ru film having a thickness of about 2 nm. The 
antif erromagnetic layer is formed of a PtMn film having 
a thickness of about 15 nm. The magnetization pinned 
layer includes a CoFe film having a thickness of about 
3 nm, a Ru film having a thickness of about 1 nm, and 
a CoFe film having a thickness of about 3 nm. The 
protective layer is formed of a Ta film having a 
thickness of about 5 nm. Then, that portion of the 
stacked film for the magnetization pinned layer 
deposited on the resist 41 is lifted off so as to leave 
the stacked film 45 for the magnetization pinned layer 
adjacent to the stacked film 43 for the magnetization 
pinned layer on the insulating film 13 (see FIGS. 5A 
and 5B) . 

In the next step, the stacked film 43 for the 
magnetization free layer and the stacked film 45 for 
the magnetization pinned layer are patterned by ion 
beam etching with using a T-shaped two-layer resist 47 
as a mask (see FIGS. 6A and 6B) . 

In the next step, a Cu film having a thickness of 
about 30 nm used for the nonmagnetic intermediate layer 
3 and the first electrode 7 are formed on the entire 
surface. Then, the Cu film on the resist 47 is lifted 
off so as to form a Cu film 49 for the nonmagnetic 
intermediate layer and a Cu film 51 for the first 
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electrode (see FIGS . 7A and 7B) . 

In the next step, with using a T-shaped two-layer 
resist 53 as a mask, the stacked film 43 for the 
magnetization free layer, the Cu film 49 for the 
nonmagnetic intermediate layer, the stacked film 45 for 
the magnetization free layer, and the Cu film 51 for 
the first electrode are partly removed by ion beam 
etching so as to achieve the patterning in a manner to 
define the track width (vertical direction in FIG. 8A) . 
In such a manner, the magnetization free layer 1, the 
nonmagnetic intermediate layer 3, the magnetization 
pinned layer 5 and the first electrode 7 are formed 
(see FIGS. 8A and 8B) . 

In the next step, an AI2O3 film is formed on the 
entire surface in a thickness of about 30 nm, followed 
by lifting off that portion of the AI2O3 film on the 
resist 53 so as to form the insulating layers 9 and 11 
(see FIGS. 9A and 9B) . 

In the next step, a SiC>2 film is formed on the 
entire surface in a thickness of about 30 nm, followed 
by performing CMP (chemical mechanical polishing) of 
the surface of the Si02 film until the thickness of the 
Si02 film is decreased to about 20 nm. Then, a resist 
55 is formed by photolithography. The SiC>2 film is 
partly etched by RIE (reactive ion etching) with using 
the resist 55 as a mask so as to form a contact hole 57 
for the pillar electrode 21. The contact hole has a 
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width of about 0.1 jim in the track width direction 
(vertical direction in FIG. 10A) . It should be noted 
that the SiC>2 film surrounding the contact hole 
corresponds to the second insulating film 15 in FIG. 1 
5 (see FIGS. 10A and 10B) . 

In the next step, the resist 55 is removed, 
followed by forming a NiFe film in a thickness of about 
300 nm in a manner to fill the contact hole 57 and to 
cover the insulating film 15, thereby forming the 

10 pillar electrode 21 and the upper shield 19 (see 

FIGS. 11A and 11B) . 

Then, wiring is formed in a manner to connect the 
first electrode 7 and the upper shield 19 to a sensing 
circuit and so on. Further, the surface on the side of 

15 the magnetization free layer 1 is polished so as to 

form the air-bearing surface (ABS) , followed by forming 
a protective layer for covering the ABS, thereby 
completing the manufacture of the GMR head according to 
the first embodiment. 

20 The GMR head according to the first embodiment can 

be formed on the wafer level by the manufacturing 
method described above. 

(Second Embodiment) 

The GMR head according to a second embodiment of 
25 the present invention will now be described. FIG. 12A 

is a cross-sectional view of the GMR head sectioned in 
a direction parallel to the track width direction, 
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FIG. 12B is a cross-sectional view of the GMR head 
sectioned in a direction parallel to the track 
direction, and FIG. 12C is a plan view of the GMR head 
as viewed from the ABS. FIG. 12A is a cross-sectional 
5 view along the line 12A-12A shown in FIG. 12B. The 

surface on the lower side of the drawing denotes the 
ABS. FIG. 12B is a cross-sectional view along the line 
12B-12B shown in FIG. 12A. The surface on the left 
side of the drawing denotes the ABS. The GMR head 

10 according to the present embodiment comprises an 

insulating nonmagnetic film surrounding the members 
referred to above and wiring for connecting the 
electrode of an SV element to a sensing circuit and 
so on in addition to the members shown in FIGS. 12A 

15 to 12C. 

As shown in FIGS. 12B and 12C, a stack of the 
underlayer 23, the magnetization free layer 25 and the 
protective layer 27 is formed. Also, a pair of hard 
biasing layers 59 and 61, which are configured to 

20 impart a longitudinal bias, are formed as shown in 

FIGS. 12A and 12C. The longitudinal bias is a magnetic 
bias in the left-to-right direction in FIG. 12C, which 
is parallel to the ABS and also parallel to the surface 
of the magnetization free layer 25. In order to impart 

25 the magnetic bias efficiently to the magnetization free 

layer 25, it is desirable to form hard biasing layers 
59 and 61 on both sides of the magnetization free layer 
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25 so as to extend in the track width direction . 

It is possible to use Co-based hard magnetic 
materials such as CoPt, CoCr, and CoCrPt or another 
hard magnetic material for the hard biasing layers 59 
5 and 61. The hard biasing layers 59 and 61 may be 

formed on an underlayer such as a Cr layer having a 
thickness of about 1 nm to about 20 nm. 

It is desirable for the hard biasing layers 59, 61 
to be electrically isolated from the magnetization free 

10 layer by the insulating films 9 and 11, as shown in 

FIGS. 12A and 12C. It is possible to use, for example, 
AI2O3 or SiC>2 for the insulating layer. It is 
desirable for each of the insulating layers 9 and 11 
interposed between the hard biasing layers 59, 61 and 

15 the magnetization free layer to have a thickness 

falling within a range of between about 2 nm and about 

10 nm. In order to ensure the insulating properties, 
it is necessary for each of the insulating layers 9 and 

11 to have a thickness of at least about 2 nm. The 
20 thickness of each of the insulating layers 9 and 11 

should not exceed about 10 nm in order to ensure the 
biasing magnetic field. 

It is possible to omit the hard biasing layers 59, 
61 and to stack an antif erromagnetic layer on the 
25 magnetization free layer 25 so as to impart a 

longitudinal bias to the magnetization free layer 25. 
To be more specific, it is possible to employ any of 
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constructions (1) and (2) given below: (1) An 
antif erromagnetic layer is formed on the magnetization 
free layer 25 with a nonmagnetic conductive film 
interposed therebetween. The particular construction 
5 permits exchange coupling between the antif erromagnetic 

film and the ferromagnetic film with the nonmagnetic 
film interposed therebetween (long-distance exchange 
coupling method) . (2) An antif erromagnetic film, a 
biasing ferromagnetic film, a nonmagnetic film, and a 

10 magnetization free layer 25 are formed in the order 

mentioned. The particular construction permits the 
magnetization direction and the magnetic anisotropy of 
the magnetization free layer to be controlled by a 
stray magnetic field from the biasing ferromagnetic 

15 film pinned by the antif erromagnetic film (magneto- 

static coupling method) . In the stacked structures 
described above, although the individual films can be 
stacked consecutively, the stacking order is not 
limited. 

20 For the antif erromagnetic film, an alloy selected 

from IrMn, PtMn, CrMn, PtCrMn, RhMn, and FeMn may be 
used. 

Where antif erromagnetic films are used for both of 
the magnetization pinned layer and the magnetization 
25 free layer, it is desirable to make the directions of 

magnetization pinned by the two antif erromagnetic films 
perpendicular to each other. For achieving the 
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particular situation, antif erromagnetic materials of 
different types or having controlled compositions 
differing from each other in the blocking temperature 
may be used. Even if the antif erromagnetic materials 
5 have the blocking temperatures compared with each 

other, it is possible to control the blocking 
temperature by making the antif erromagnetic film 
for the magnetization free layer thicker than the 
antif erromagnetic film for the magnetization pinned 

10 layer. 

In FIG. 12B, the magnetization pinned layer 63 is 
formed thicker than the magnetization free layer 1. 
In this case, the antif erromagnetic film is formed 
thicker than the magnetization pinned layer in the 

15 magnetization pinned layer 63. If the thickness of 

the antif erromagnetic film is increased sufficiently, 
it is possible to further elevate the blocking 
temperature at which the exchange coupling between the 
antif erromagnetic film and the ferromagnetic film 

20 disappears, or it is possible to obtain a greater 

exchange coupling. This may be interpreted due to the 
fact that the crystallinity, i.e., ( 111 ) -orientation 
and increase in the crystal grain size, can be 
controlled by increase in the thickness of the 

25 antif erromagnetic film so as to stabilize the 

magnetization of the antif erromagnetic film. 

In the case of the present embodiment, the 
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magnetization pinned layer 63 is annealed first in 
a magnetic field in a direction perpendicular to the 
ABS under a temperature Tl and a magnetic field HI, 
followed by annealing the magnetization free layer 1 in 
5 a magnetic field in a direction parallel to the ABS 

under a temperature T2 (<T1) and a magnetic field H2 
(<H1) . As a result, the magnetization direction of the 
magnetization pinned layer 5 is made perpendicular to 
the magnetization direction of the magnetization free 
10 layer 1 under no magnetic field (under the initial 

state) . 

(Third Embodiment) 

FIG, 13 is a cross-sectional view showing the 
construction of the GMR head according to a third 

15 embodiment of the present invention. In the present 

embodiment, the nonmagnetic intermediate layer 3 is 
formed on the insulating layer 13, and the magnetiza- 
tion free layer 1 and the magnetization pinned layer 5 
are formed on the nonmagnetic intermediate layer 3. 

20 The magnetization free layer 1 and the magnetization 

pinned layer 5 are formed apart from each other and 
are electrically insulated from each other by the 
insulating film 69. The sense current for detecting 
the resistance of the GMR element is made to flow 

25 through the first electrode 7, the magnetization pinned 

layer 5, the nonmagnetic intermediate layer 3, the 
magnetization free layer 1, the pillar electrode 21, 
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and the upper magnetic shield 19. 

In the present embodiment, the magnetization free 
layer 1 and the magnetization pinned layer 5 are 
connected to the same surface of the nonmagnetic 
5 intermediate layer 3. As far as a satisfactory 

electric connection can be achieved, it is sufficient 
that the magnetization free layer 1 and the 
magnetization pinned layer 5 are connected partly to 
the nonmagnetic intermediate layer 3. 

10 In the construction described above, the 

nonmagnetic intermediate layer 3 acts as an underlayer 
for the magnetization free layer 1 and the 
magnetization pinned layer 5. Where the nonmagnetic 
intermediate layer 3 acts as the underlayer, it is 

15 possible to enhance the (111) crystal orientation of 

the magnetization free layer 1 and the magnetization 
pinned layer 5. In general, the orientation can be 
estimated by observing the full width at half-maximum 
(FWHM) of the rocking curve of the (111) diffraction 

20 peak by X-ray dif f ractometry . 

In the present embodiment, the sense current flows 
from the pillar electrode 21 through a region of the 
magnetization free layer 1 in the vicinity of the ABS 
in a direction perpendicular to the film plane thereof 

25 (vertical direction in FIG . 13) . Therefore, electrons 

having spin information are efficiently supplied into 
the magnetization pinned layer 5 through the 
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nonmagnetic intermediate layer 3. 

Also, the interfaces between the nonmagnetic 
intermediate layer 3 and the magnetization free layer 1 
and between the nonmagnetic intermediate layer 3 and 
5 the magnetization pinned layer 5 are rendered distinct 

and, thus, elastic scattering of electrons is 
anticipated at the interfaces. It follows that a 
greater MR ratio can be expected. 
(Fourth Embodiment) 

10 FIG. 14 is a cross-sectional view showing the 

construction of the GMR head according to a fourth 
embodiment of the present invention. In the present 
embodiment, the recording track of the magnetic 
recording medium to be reproduced extends in the 

15 vertical direction in FIG. 14, and the GMR head is 

moved relative to the magnetic recording medium in the 
track direction. 

The GMR head for this embodiment has a dual 
structure in which two GMR elements for the first 

20 embodiment are sandwiched between the magnetic shields 

17 and 19. To be more specific, GMR element (A) and 
GMR element (B) are formed apart from each other with a 
third insulating film 73 interposed therebetween. 

The GMR element (A) comprises the magnetization 

25 free layer 1A, the nonmagnetic intermediate layer 3A, 

the magnetization pinned layer 5A and the electrode 7A, 
and the pillar electrode 21A electrically connects the 
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magnetization free layer 1A to the upper magnetic 
shield 19. The GMR element (B) comprises the 
magnetization free layer IB, the nonmagnetic inter- 
mediate layer 3B, the magnetization pinned layer 5B 
and the electrode 7B, and the pillar electrode 21B 
electrically connects the magnetization free layer IB 
to the lower magnetic shield 17. 

GMR elements (A) and (B) are formed in symmetry 
with respect to the third insulating film 73. The 
effective magnetic gap of GMR element (A) is provided 
by the pillar electrode 21A between the upper magnetic 
shield 19 and the magnetization free layer 1A at 
the ABS and by the insulating film 73 between the 
magnetization free layer 1A and the magnetization free 
layer IB. The effective magnetic gap of GMR element 
(B) is provided by the insulating film 73 between the 
magnetization free layer IB and the magnetization free 
layer 1A at the ABS and by the pillar electrode 21B 
between the magnetization free layer IB and the lower 
magnetic shield 17. It follows that the effective 
magnetic gap for two GMR elements can be further 
narrowed, compared with the case of forming two GMR 
elements according to other embodiments. 

The GMR head described above may be installed in a 
magnetic recording-reproducing apparatus such as a hard 
disc drive in a form of a head gimbal assembly. The 
technology of installing the GMR head in the magnetic 
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recording-reproducing apparatus is known to the art. 

FIG. 15 is a perspective view schematically 
showing the structure of a magnetic recording- 
reproducing apparatus 150. The magnetic recording- 
5 reproducing apparatus 150 is of a type using a rotary 

actuator. As shown in the drawing, a perpendicular 
magnetic recording disk 151 is fixed to a spindle 152 
and is rotated in the direction denoted by an arrow A 
by a motor (not shown) in response to control signals 

10 supplied from a drive controller (not shown) . The 

magnetic recording-reproducing apparatus 150 may be 
provided with a plurality of disks 151. 

A head slider 153 for writing data in and for 
reading data from the disk 151 is disposed on the tip 

15 of a suspension 154. A magnetic head including the 

magnetoresistive element according to the embodiments 
of the present invention is formed on the tip portion 
of the head slider 153. When the disk 151 is rotated, 
the air-bearing surface (ABS) of the head slider 153 is 

20 held floating by a prescribed flying height from the 

surface of the disk 151. Incidentally, the magnetic 
recording-reproducing apparatus may be of a contact 
type that the head slider 153 is in contact with the 
disk 151. 

25 The suspension 154 is connected to one end of an 

actuator arm 155 including a bobbin portion for holding 
a driving coil (not shown) on the other end. A voice 
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coil motor 156, which is one of a linear motor, is 
arranged on the other end of the actuator arm 155. The 
voice coil motor 156 comprises a driving coil (not 
shown) wound onto the bobbin portion of the actuator 
5 arm 155 and a permanent magnet and a counter yoke 

arranged to face each other with the driving coil 
sandwiched therebetween where these members constitute 
a magnetic circuit. The actuator arm 155 is held by 
ball bearings (not shown) arranged at upper and lower 

10 portions of a pivot 157 and can be rotated by the voice 

coil motor 156. 

FIG. 16 is a perspective view showing the magnetic 
head assembly 160 in a magnified fashion, which is 
viewed from the disk. To be more specific, the 

15 magnetic head assembly 160 comprises the actuator arm 

155 including a bobbin portion for holding the driving 
coil, and the suspension 154 is connected to one end of 
the actuator arm 155. The head slider 153 having the 
magnetic head including the magnetoresistive element 

2 0 according to the embodiments of the present invention 

is mounted on the tip of the suspension 154. The 
suspension 154 includes lead wires 164 for writing and 
reading signals. The lead wires 164 are electrically 
connected to each of the electrodes of the magnetic 

25 head formed on the head slider 153. A reference 

numeral 165 shown in the drawing denotes electrode pads 
of the magnetic head assembly. According to the 
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present invention, it is possible to read without fail 
the data recorded in the magnetic recording disk 151 
even at a recording density markedly higher than that 
in the prior art by using the magnetic head including 
5 the magnetoresistive element described above. 

The present invention is not limited to the 
embodiments described above and can be modified in 
various fashions within the scope of the present 
invention defined in the appended claims. 

10 Also, the present invention can be modified in 

various fashions without deviating the scope of the 
present invention in actually working the invention. 

Further, various inventions can be achieved by 
employing appropriate combinations of a plurality of 

15 constituents disclosed in the embodiments described 

above. For example, it is possible to omit some 
constituents of all the constituents disclosed in the 
embodiments described above. Still further, it is 
possible to combine appropriately the constituents 

20 according to different embodiments. 



